
the junction of primary and secondary 
cell walls, there is generally an abrupt 
change of direction. 

The wax canals observed in the 
freeze-etch replicas consist mainly of 
transverse cross sections or short longi- 
tudinal fractures. Since they are dis- 
tributed throughout the cell wall and 
are often observed entering from the 
cuticle and plasmalemma, there is little 
doubt that they traverse its full width. 
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Effect of Amantadine Hydrochloride 
on the Response of Human 
Lymphocytes to Phytohemagglutinin 

Abstract. Amantadine hydrochloride 
(Symmetrel), which is an antiviral agent 
marketed for the prevention of infec- 
tion by influenza virus, inhibits the 
mitogenic response of human lympho- 
cytes stimulated with phytohemagglu- 
tinin. The concentrations which ef- 
fectively inhibited the response to phyto- 
hemagglutinin were similar to those 
which maximally inhibit virus replica- 
tion. The drug inhibited the mitogenic 
response without affecting the ability 
of phytohemagglutinin to agglutinate 
leukocytes. The data suggest that phyto- 
hemagglutinin, amantadine, and certain 
lipid-containing RNA viruses take part 
in cell-membrane interactions of com- 
mon nature. 

Phytohemagglutinin (PHA), a mu- 
coprotein obtained from Phaseolus 
vulgaris, agglutinates erythrocytes and 
leukocytes and initiates a mitogenic 
response of lymphocytes. In the pres- 
ence of PHA, 60 to 90 percent of the 
lymphocytes undergo blastic transfor- 
mation, with the maximum response ob- 
served in 3 days. Exposure of lympho- 
cytes to a specific antigen results in 
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response of lymphocytes. In the pres- 
ence of PHA, 60 to 90 percent of the 
lymphocytes undergo blastic transfor- 
mation, with the maximum response ob- 
served in 3 days. Exposure of lympho- 
cytes to a specific antigen results in 
blastic transformation of up to 30 
percent of the cells, and this response 
requires about 6 days. The response 
to PHA of lymphocytes from infants 
with congenital rubella was impaired 
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during the early course of the disease 
(1, 2). In vitro, addition of rubella 
virus to lymphocytes from normal sub- 
jects similarly impairs the response of 
the cells to PHA (2) and specific anti- 
gens (3). 

Amantadine (1-adamantanamine HC1) 
is one of the first antiviral drugs mar- 
keted for the prevention of viral dis- 
eases (Symmetrel). The antiviral ac- 
tivity of the drug is limited to certain 
lipid-containing viruses (4-10). Amanta- 
dine exerts an antiviral effect by pre- 
venting virus penetration into the cell 
and not by altering virus adsorption 
or other phases of virus replication 
(7, 11). During the attempt to deter- 
mine whether penetration of rubella 
virus was necessary to inhibit the 
PHA response of lymphocytes, it was 
found that amantadine also inhibited 
the PHA response of lymphocytes. The 
inhibition of the mitogenic response of 
the lymphocytes was not associated 
with a loss of the leukoagglutinin ef- 
fect caused by PHA. 

Heparinized blood samples were ob- 
tained from normal adult donors; the 
erythrocytes were allowed to settle at 
37?C, and the leukocyte-rich plasma 
was decanted. The leukocytes were 
sedimented by centrifugation, washed 
once in Hanks's balanced salt solution, 
and again suspended to a final concen- 
tration of 0.5 to 1 X 106 nucleated 
cells per milliliter in Eagle's medium 
containing 20 percent fetal bovine 
serum, antibiotics (100 units of penicil- 
lin and 100 /~g of streptomycin per 
milliliter), and 1.5 g of bicarbonate per 
liter. Cultures containing 2 ml each 
were prepared in quadruplicate. Phy- 
tohemagglutinin-M (0.05 ml) (12) was 
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added to appropriate cultures. Stock 
solutions of amantadine HC1 (12) (1000 
/jg/ml), prepared in distilled water, 
were used fresh or were frozen at 
-20?C until used. Further necessary 
dilutions of the drug were made in the 
culture medium. All cultures were incu- 
bated for 3 or 5 days at 37?C before 
0.06 or 0.2 ftc of H3-thymidine (spe- 
cific activity, 2 c/mmole) was added 
to three culture tubes of each set. 
Five hours later, growth of the cul- 
tures was terminated by the addition 
of an excess of unlabeled thymidine, 
and the cells were separated by centrifu- 
gation. The cells were washed in cold 
Hanks's solution, cold 5 percent tri- 
chloroacetic acid, and cold methanol. 
The final precipitate was dissolved in 
0.1 ml of Hyamine (12) mixed with 
scintillation fluid and was counted in 
a Beckman liquid-scintillation counter. 
Data represent the average number of 
counts per minute for three cultures 
of each set. The fourth culture was 
used to determine cell morphology and 
viability by the dye-exclusion method 
(13). The source, preparation, and as- 
say of rubella virus have been de- 
scribed (2). 

Amantadine effectively inhibits ru- 
bella virus replication (5, 8, 9); we per- 
formed experiments in which amanta- 
dine (final concentration, 50 /~g/ml) 
was added to leukocyte cultures 30 
minutes before the cultures received 
PHA with or without rubella virus 
(Table 1). There was a reduction of 
thymidine incorporation of 50 to 60 
percent when rubella virus was added 
to the leukocyte cultures containing 
PHA. Amantadine alone, when added 
to the cultures, produced a 60- to 70- 
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Table 1. Effect of amantadine and rubella virus on the lymphocyte response to PHA (at 
concentration of 1:50). Leuko-agglutination was arbitrarily graded 0 to +2, with +2 being 
maximum agglutination. 

Rubella Count! Trans- Leuko- Viable PHA Amantadine virus mini formation agglutination ( 

Trial I 
181 4 0 95 

+ 371 5 0 97 
+ 81 1 0 100 

+ 6,443 64 +2 91 
+ + 3,375 40 +1 92 
+ + 1,901 40 +2 93 
+ + + 2,116 30 +1 96 

Trial 2 
121 5 0 93 

+ 105 7 0 89 
+ 151 3 0 90 

+ 14,736 86 +2 92 
+ + 5,590 69 +2 90 
+ + 5,606 51 4-2 89 
+ + + 3,639 44 +2 94 

*H3-thymidine (0.06 Atc) added 5 hours before termination of cultures. 
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Table 2. Effect of amantadine concentration 
on the inhibition of the lymphocyte response 
to PHA. 

Amanta- . 
diAmanta- Count/min* dine 

concen- PHA 
tration Trial 1 Trial 2 

(tzg/ml) 
100 + 267 61 
50 + 257 64 
25 + 261 1,475 
10 + 24,053 36,636 
5 + 42,780 23,824 
1 + 27,596 

+ 51,805 13,542 
100 163 56 

337 369 

*H3-thymidine (0.2 ,uc) added 5 hours before 
termination of cultures. 

percent reduction in incorporation of 
thymidine. Addition of both rubella and 
amantadine did not result in more in- 
hibition than that observed in cultures 
containing amantadine alone. Thus, 
both rubella virus and amantadine ef- 
fectively inhibited the mitogenic re- 
sponse of lymphocytes to PHA, but 
the inhibition does not appear to be 
additive. It seems likely that amantadine 
and rubella virus inhibit the PHA re- 
sponse of lymphocytes at different cellu- 
lar sites, and that the amantadine acting 
at the cell surface prevents rubella 
virus from reaching an essential site (2). 

Agglutination of leukocytes in cell 
preparations was not inhibited by either 
amantadine or rubella virus (Table 1). 
When 100 1tg of amantadine per milli- 
liter was added to cultures containing 
five times as much PHA, again there 
was no loss of the leuko-agglutinating 
property of the PHA. 

The optimum time for the addition 
of amantadine was studied by adding 
the drug to give a final concentration 
of 50 [kg/ml at intervals after the initia- 
tion of the cultures. Inhibition of thy- 
midine incorporation was greater than 
90 percent at all times tested (0, 12, 1, 
2, 3, and 24 hours). 

The concentration of amantadine 
needed to inhibit the mitogenic re- 
sponse of leukocytes to PHA was 
determined by adding various con- 
centrations of the drug to leukocyte cul- 
tures simultaneously with PHA (Table 
2). A reduction of 90 percent or 
more in thymidine incorporation was 
observed at concentrations of 25 [tg/ml 
or greater, but not of 10 jtg/ml or 
less. 

The inhibition of the mitogenic re- 
sponse of leukocytes to PHA by 
amantadine is apparently not a toxic 
effect. This is indicated by the normal 
viability of the lymphocytes cultured 
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in the presence of the drug (Table 1). 
In tissue culture systems, retardation 
in cell-growth rates and vacuolization 
of cells when the drug was used at 
concentrations of 50 to 100 jtg/ml 
have been reported (4, 8, 9). No 
discernible toxicity has been found at 
25 kg/ml, a concentration of amanta- 
dine that inhibits the mitogenic re- 
sponse to PHA. 

Studies in vitro indicate that amanta- 
dine's role is the prevention of virus 
penetration (11). Whether this occurs 
by preventing pinocytosis or by alter- 
ing the cell-membrane function in some 
other way is unknown. The concentra- 
tions of amantadine which effectively 
inhibit the mitogenic effect of PHA 
are the same as those found by others 
to inhibit viruses effectively; this sug- 
gests that the drug may inhibit PHA 
and viruses by a similar mechanism. 
If this is true, our findings may be 
construed as further evidence that 
PHA acts primarily at the cell surface 
to stimulate lymphocyte mitogenesis 
(14). 

The fact that amantadine at concen- 
trations of 100 ytg/ml did not inhibit the 
leuko-agglutinating activity of PHA 
may be considered analogous to the 
lack of effect on virus adsorption ob- 
served with the drug. The ability to 
dissociate the leuko-agglutinating and 
mitogenic properties of PHA with 
amantadine confirms the observations 
of Borjeson et al. (15) who reported 
that lymphocytes coated with the Vi 
polysaccharide failed to agglutinate but 
that they did undergo blastic transfor- 
mation in the presence of PHA. This 
analogy suggests that PHA, a macro- 
molecule, may share certain properties 
with amantadine-sensitive viruses. This 
property (or properties) allows adsorp- 
tion of PHA to the cells and agglutina- 
*tion, but, in the presence of amanta- 
dine, the cellular effects of PHA are 
prevented. Further investigation of the 
interaction of PHA, amantadine, and 
lymphocytes is obviously warranted. 

Taken orally, amantadine is well ad- 
sorbed and excreted primarily in the 
urine. Concentration of the drug in the 
blood after the recommended oral dos- 
age is far below that which is neces- 
sary to inhibit the mitogenic effect of 
PHA on lymphocytes in vitro (16). 
However, amantadine in vivo may 
partially inhibit the lymphocytes under- 
going mitosis after an antigenic stimu- 
lation. Under the influence of amanta- 
dine, the amounts of antibody pro- 
duced in response to an antigen may 
be reduced. In a clinical trial during 

an influenza epidemic, the group of pa- 
tients on amantadine had fewer individ- 
uals with a fourfold rise in antibody 
titers to influenza virus. Of the pa- 
tients on amantadine who had a four- 
fold or greater rise in antibody titer, 
the mean titers were lower than in the 
control groups (17). The lower concen- 
tration of antibody is probably due to 
decreased amounts of influenza anti- 
gens produced in the presence of the 
inhibitor; however, the amantadine 
may have partially inhibited the mito- 
genic response of the immunoglobulin- 
synthesizing lymphocytes which result- 
ed in decreased production of anti- 
body. The specific antibody response 
to nonreplicating antigens, as well as 
the effect of amantadine on the mito- 
genic response in vitro to substances 
other than PHA, must be studied be- 
fore this point can be resolved. 
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